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METHOD AND DEVICE FOR REPORTING erated among connected things . IoT may be applied to a 
CHANNEL STATE INFORMATION IN variety of fields including smart home , smart building , smart 

WIRELESS COMMUNICATION SYSTEM city , smart car or connected cars , smart grid , health care , 
smart appliances and advanced medical services through 

PRIORITY 5 convergence and combination between existing Information 
Technology ( IT ) and various industrial applications . 

This application is a National Phase Entry of International In line with this , various attempts have been made to 
Application No. PCT / KR2016 / 006267 which was filed on apply 5G communication systems to IoT networks . For 
Jun . 13 , 2016 , and claims priority to U.S. Provisional Patent example , technologies such as a sensor network , Machine 
Application Nos . 62 / 174,886 , 62 / 185,244 , and 62 / 245,538 , 10 Type Communication ( MTC ) , and Machine - to - Machine 
which were filed on Jun . 12 , 2015 , Jun . 26 , 2015 , and Oct. ( M2M ) communication may be implemented by beamform 
23 , 2015 , respectively , the content of each of which is ing , MIMO , and array antennas . Application of a cloud 
incorporated herein by reference . Radio Access Network ( RAN ) as the above - described Big 

Data processing technology may also be considered to be as 
TECHNICAL FIELD 15 an example of convergence between the 5G technology and 

the IoT technology . 
The present invention relates to a wireless communication Thus there are various attempts to apply the IoT to the 5G 

system and , in particular , to a channel state information communication system . For example , the sensor network , 
report method and apparatus of a terminal in a wireless Machine to Machine ( M2M ) , and Machine Type Commu 
communication system . 20 nication ( MTC ) technologies are implemented by means of 

5G communication technologies such as beamforming , 
BACKGROUND ART MIMO , and array antenna . The application of the aforemen 

tioned cloud RAN as a big data processing technology is an 
To meet the demand for wireless data traffic having example of convergence between the 5G and IoT technolo 

increased since deployment of 4G communication systems , 25 gies . 
efforts have been made to develop an improved 5G or The mobile communication system has evolved beyond 
pre - 5G communication system . Therefore , the 5G or pre - 56 the early voice - oriented services to become a high - speed , 
communication system is also called a ' Beyond 4G Net- high - quality wireless packet data communication system 
work ' or a ‘ Post LTE System ’ . The 5G communication capable of providing data and multimedia services . Stan 
system is considered to be implemented in higher frequency 30 dardization organizations such as the 3rd Generation Part 
( mm Wave ) bands , e.g. , 60 GHz bands , so as to accomplish nership Project ( 3GPP ) , the 3rd Generation Partnership Proj 
higher data rates . To decrease propagation loss of the radio ect - 2 ( 3GPP2 ) , and the Institute of Electrical and Electronics 
waves and increase the transmission distance , the beam- Engineers ( IEEE ) have standardized 3rd Generation mobile 
forming , massive multiple - input multiple - output ( MIMO ) , communication systems based on the multicarrier multiple 
Full Dimensional MIMO ( FD - MIMO ) , array antenna , an 35 access scheme . Recently , various multicarrier - based mobile 
analog beam forming , large scale antenna techniques are communication standards such as 3GPP Long Term Evolu 
discussed in 5G communication systems . In addition , in 5G tion ( LTE ) , 3GPP2 Ultra Mobile Broadband , and IEEE 
communication systems , development for system network XO2.16e have been developed to meet the requirements of 
improvement is under way based on advanced small cells , high - speed , high - quality wireless packet data communica 
cloud Radio Access Networks ( RANs ) , ultra - dense net- 40 tion services . 
works , device - to - device ( D2D ) communication , wireless The existing 3G wireless packet data communication 
backhaul , moving network , cooperative communication , systems , LTE , UMB , and 802.1x , operate based on multi 
Coordinated Multi - Points ( COMP ) , reception - end interfer- carrier multiple access schemes and adopt various tech 
ence cancellation and the like . In the 5G system , Hybrid niques such as MIMO , beamforming , Adaptive Modulation 
FSK and QAM Modulation ( FQAM ) and sliding window 45 and Coding ( AMC ) , and Channel - Sensitive Scheduling to 
superposition coding ( SWSC ) as an advanced coding modu- improve transmission efficiency . The above techniques are 
lation ( ACM ) , and filter bank multi carrier ( FBMC ) , non- capable of improving transmission efficiency and system 
orthogonal multiple access ( NOMA ) , and sparse code mul- throughput by adjusting data rates through concentrating 
tiple access ( SCMA ) as an advanced access technology have transmission power to certain antennas according to the 
been developed . 50 channel quality and transmitting data selectively to the user 

The Internet , which is a human centered connectivity with a high channel quality . Since most of these techniques 
network where humans generate and consume information , operate based on the Channel State Information ( CSI ) 
is now evolving to the Internet of Things ( IoT ) where between a base station ( BS ) ( hereinafter , interchangeably 
distributed entities , such as things , exchange and process referred to as evolved Node B ( NB ) ) and a terminal 
information without human intervention . The Internet of 55 ( hereinafter , interchangeably referred to as a User Equip 
Everything ( IOE ) , which is a combination of the IoT tech- ment ( UE ) or a Mobile Station ( MS ) , it is necessary for the 
nology and the Big Data processing technology through base station or the terminal to measure the channel state 
connection with a cloud server , has emerged . As technology therebetween using a reference signal such as Channel State 
elements , such as “ sensing technology " , " wired / wireless Indication Reference Signal ( CSI - RS ) . The eNB denotes a 
communication and network infrastructure ” , “ service inter- 60 device located at a certain place for downlink transmission 
face technology " , and " Security technology " have been and uplink reception , and one eNB may take charge of a 
demanded for IoT implementation , a sensor network , a plurality of cells . A mobile communication system is com 
Machine - to - Machine ( M2M ) communication , Machine prised of a plurality of eNBs distributed geometrically , and 
Type Communication ( MTC ) , and so forth have been eacheNBcan accommodate a plurality of cells for commu . 
recently researched . Such an IoT environment may provide 65 nicating signals . 
intelligent Internet technology services that create a new As described above , an eNB or a UE may measure a 
value to human life by collecting and analyzing data gen- channel state between the eNB and the UE for use by the 
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eNB in downlink scheduling . At this time , the UE may least one of the first and second reference signal information 
reference signal ( CSI - RS ) transmitted by the eNB determined based on the DCI , and report Channel State 

and feed back the measurement result to the eNB . In the Information ( CSI ) . 
following description , the information on the channel state 
measured using the reference signal between an eNB and a Advantageous Effects of Invention 
UE is referred to as Channel State Information ( CSI ) . 

Meanwhile , the eNB may trigger aperiodic CSI reporting , The CSI feedback method of the present invention is 
if necessary , in order to receive CSI from the UE ; however , advantageous in terms of improving the accuracy of CSI 
in the case that aperiodic CSI report is triggered , the UE reported by a UE even when the aperiodic CSI reporting is 
reports periodically - measured CSI aperiodically , resulting in 10 triggered . 
CSI inaccuracy . BRIEF DESCRIPTION OF DRAWINGS 

5 

15 

20 

DISCLOSURE OF INVENTION FIG . 1 is a diagram illustrating an FD - MIMO system ; 
FIG . 2 is a diagram illustrating a structure of a subframe ; Technical Problem FIG . 3 is a diagram illustrating a CSI - RS - based CSI 

reporting mechanism of a UE ; The present invention has been conceived to solve the FIG . 4 is a diagram illustrating an aperiodic CSI reporting 
above problem and aims to provide a method and apparatus mechanism ; 
for a UE to measure a reference signal transmitted by an FIG . 5 is a flowchart illustrating eNB operations accord 
eNB and transmit channel state information generated based ing to an embodiment of the present invention ; 
on the measurement result to the eNB . FIG . 6 is a flowchart illustrating UE operations according 

Also , the present invention aims to provide a method and to an embodiment of the present invention ; 
apparatus for an eNB to configure parameters for use by a FIG . 7 is a diagram illustrating a first method for aperiodic 
UE in generating and reporting channel state information 25 CSI reporting according to an embodiment of the present 
and to receive the channel state information generated based invention ; 
on the reference signal measurement result according to the FIG . 8 is a diagram illustrating a second method for 
parameters . aperiodic CSI reporting according to an embodiment of the 

Also , the present invention aims to provide a channel state present invention ; 
information feedback method that is capable of improving 30 FIG . 9 is a diagram illustrating a third method for aperi 
channel information accuracy based on the beamformed odic CSI reporting according to an embodiment of the 
reference signal in an FD - MIMO system . present invention ; 

FIG . 10 is a block diagram illustrating a configuration of 
Solution to Problem an eNB according to an embodiment of the present inven 

35 tion ; 
In accordance with an aspect of the present invention , a FIG . 11 is a block diagram illustrating a configuration of 

method of a base station includes transmitting first reference a UE according to an embodiment of the present invention ; 
signal information and second reference signal information , FIG . 12 is a diagram illustrating a CSI transmission 
transmitting reference signals based on at least one of the method of a UE according to an embodiment of the present 
first and second reference signal information , transmitting 40 invention ; 
Downlink Control Information ( DCI ) including information FIG . 13 is a diagram illustrating a CSI reception proce 
indicating whether the reference signals are transmitted dure of an eNB according to an embodiment of the present 
based on the second reference signal information , and invention ; 
receiving Channel State Information ( CSI ) generated by FIG . 14 is a flowchart illustrating a CSI transmission 
measuring the reference signals . 45 procedure of a UE according to an embodiment of the 

In accordance with another aspect of the present inven- present invention ; 
tion , a method of a terminal includes receiving first reference FIG . 15 is a diagram illustrating a first CSI reporting 
signal information and second reference signal information , method of a terminal according to an embodiment of the 
receiving DCI , receiving reference signals based on at least present invention ; 
one of the first and second reference signal information 50 FIGS . 16 and 17 are diagrams illustrating a second CSI 
determined based on the DCI , and reporting Channel State reporting method of a UE according to an embodiment of the 
Information ( CSI ) . present invention ; 

In accordance with another aspect of the present inven- FIG . 18 is a diagram illustrating a third CSI - RS reporting 
tion , a base station includes a transceiver and a controller method of a UE according to an embodiment of the present 
configured to control transceiver to transmit first reference 55 invention ; 
signal information and second reference signal information , FIG . 19 is a diagram illustrating a fourth CSI reporting 
transmit reference signals based on at least one of the first method of a UE according to an embodiment of the present 
and second reference signal information , transmit DCI invention ; 
including information indicating whether the reference sig- FIG . 20 is a diagram illustrating a fifth CSI reporting 
nals are transmitted based on the second reference signal 60 method of a UE according to an embodiment of the present 
information , and receive Channel State Information ( CSI ) invention ; 
generated by measuring the reference signals . FIG . 21 is a diagram illustrating a sixth CSI reporting 

In accordance with still another aspect of the present method of a UE according to an embodiment of the present 
invention , a terminal includes a transceiver and a controller invention ; 
configured to control the transceiver to receive first refer- 65 FIG . 22 is a diagram illustrating a seventh CSI reporting 
ence signal information and second reference signal infor- method of a UE according to an embodiment of the present 
mation , receive DCI , receive reference signals based on at invention ; 
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FIG . 23 is a block diagram illustrating a configuration of Array ( FPGA ) or Application Specific Integrated Circuit 
an eNB according to an embodiment of the present inven- ( ASIC ) , which performs certain tasks . A module may advan 
tion ; and tageously be configured to reside on the addressable storage 

FIG . 24 is a block diagram illustrating a configuration of medium and be configured to be executed on one or more 
a UE according to an embodiment of the present invention . 5 processors . Thus , a module may include , by way of example , 

components , such as software components , object - oriented 
MODE FOR THE INVENTION software components , class components and task compo 

nents , processes , functions , attributes , procedures , subrou Exemplary embodiments of the present invention are 
described in detail with reference to the accompanying 10 tines , segments of program code , drivers , firmware , micro 

code , circuitry , data , databases , data structures , tables , drawings . 
Detailed descriptions of well - known functions and struc arrays , and variables . The functionality provided for in the 

tures incorporated herein may be omitted to avoid obscuring components and modules may be combined into fewer 
the subject matter of the present invention . This aims to omit components and modules or further separated into additional 
unnecessary description so as to make clear the subject 15 components and modules . In addition , the components and 
matter of the present invention . modules may be implemented such that they execute one or 

For the same reason , some of the elements in the drawings more CPUs in a device or a secure multimedia card . 
are exaggerated , omitted , or simplified ; and , in practice , the FIG . 1 is a diagram illustrating an FD - MIMO system . 
elements may have sizes and / or shapes different from those Existing 3G and 4G mobile communication systems rep 
shown in the drawings . The same reference numbers are 20 resented by LTE / LTE - A adopt a MIMO technique which 
used throughout the drawings to refer to the same or like uses a plurality transmission / receive antennas to increase the 
parts . data rate and system throughput . 

Advantages and features of the present invention and The MIMO technique makes it possible to transmit spa 
methods of accomplishing the same may be understood tially - separated multiple information streams . This tech 
more readily by reference to the following detailed descrip- 25 nique of transmitting multiple spatially - separated informa 
tions of exemplary embodiments and the accompanying tion streams is referred to as spatial multiplexing . Typically , 
drawings . The present invention may , however , be embodied the number of information streams to be spatially multi 
in many different forms and should not be construed as being plexed is determined depending on the number of antennas 
limited to the exemplary embodiments set forth herein . of the transmitter and receiver . The number of information 
Rather , these exemplary embodiments are provided so that 30 streams that can be spatially multiplexed is referred to as a 
this disclosure will be thorough and complete and will fully rank of the corresponding transmission . 
convey the concept of the invention to those skilled in the The LTE / LTE - A Release 11 supports 8X8 MIMO spatial 
art , and the present invention will only be defined by the multiplexing and up to rank 8. Meanwhile , in comparison 
appended claims . Like reference numerals refer to like with the legacy LTE / LTE - A MIMO technology supporting 
elements throughout the specification . 35 up to 8 antennas , the Full Dimension MIMO ( FD - MIMO ) 

It will be understood that each block of the flowchart system is capable of utilizing 32 or more transmit antennas . 
illustrations and / or block diagrams , and combinations of The FD - MIMO system is characterized by the use of a 
blocks in the flowchart illustrations and / or block diagrams , few dozen or more receive antennas to transmit data . In 
can be implemented by computer program instructions . reference to FIG . 1 , a base station transmitter ( or eNB ) 100 
These computer program instructions may be provided to a 40 is equipped with a few dozen or more transmit antennas for 
processor of a general purpose computer , special purpose radio signal transmission . The transmit antennas 110 may be 
computer , or other programmable data processing apparatus arranged so as to maintain a minimum distance among each 
to produce a machine , such that the instructions , which other . The minimum distance may , by way of example , be 
execute via the processor of the computer or other program- half the wavelength of the radio signal . In the case that the 
mable data processing apparatus , create means for imple- 45 transmit antennas are arranged at a distance of half the 
menting the functions / acts specified in the flowchart and / or wavelength of the radio signal , the signals transmitted by the 
block diagram block or blocks . These computer program respective transmit antennas are influenced by radio chan 
instructions may also be stored in a non - transitory computer- nels with low correlation . Assuming the radio signal is 
readable memory that can direct a computer or other pro- transmitted in the 2 GHz frequency band , the minimum 
grammable data processing apparatus to function in a par- 50 distance is 7.5 cm and becomes shorter as the frequency 
ticular manner , such that the instructions stored in the band becomes higher than 2 GHz . 
non - transitory computer - readable memory produce an As shown in FIG . 1 , a few dozen or more transmit 
article of manufacture including instruction means that antennas 110 of the eNB 100 may be used to transmit signals 
implement the function / act specified in the flowchart and / or to one or more UEs as denoted by reference numbers 120 
block diagram block or blocks . 55 and 130. In order to transmit signals to a plurality of UEs 

The computer program instructions may also be loaded simultaneously , the signals are pre - coded appropriately . 
onto a computer or other programmable data processing A UE may receive one or more information streams . 
apparatus to cause a series of operational steps to be per- Typically , the number of information streams that a terminal 
formed on the computer or other programmable apparatus to can receive simultaneously may be determined depending 
produce a computer implemented process such that the 60 on the number of receive antennas of the UE and the channel 
instructions that execute on the computer or other program- condition . 
mable apparatus provide steps for implementing the func- In order to realize the advantages of the FD - MIMO 
tions / acts specified in the flowchart and / or block diagram system , it is necessary for the UE to measure the channel 
block or blocks . condition and interferences accurately and transmit the CSI 

The term “ module ” according to the embodiments of the 65 generated based thereon efficiently to the eNB . The eNB 
invention , means , but is not limited to , a software or may select the UE to transmit signals , a data rate for the 
hardware component , such as a Field Programmable Gate transmission , and a suitable precoder to be applied . 
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In the case of applying the CSI transmission scheme of the and the muted CSI - RS configuration information may be 
legacy LTE / LTE - A system to the FD - MIMO system utiliz- interchangeably referred to as ZP CSI - RS configuration 
ing a plurality of transmit antennas , however , the increased information . 
uplink control information may cause an uplink overhead In FIG . 2 , the CSI - RS can be transmitted at some of the 
problem . The mobile communication systems are character- 5 positions marked by A , B , C , D , E , F , G , H , I , and J 
ized by constraints on time , frequency , and power . This according to the number of number of antennas transmitting 
means that the greater the allocation of resources for refer- CSI - RS . Also , the zero power CSI - RS ( muting ) can be 
ence signals , the smaller the allocation of resources for the mapped to some of the positions A , B , C , D , E , F , G , H , I , 
data traffic channel , resulting in a reduction of the absolute and J. 
data transmission amount . In this case , it may be possible to The CSI - RS can be mapped to 2 , 4 , or 8 REs according 
expect the enhancement of channel measurement and chan- to the number of the antenna ports for transmission . For two 
nel estimation performance , but the decreased data trans- antenna ports , half of a specific pattern is used for CSI - RS 
mission amount results in a reduction of the total system transmission ; for four antenna ports , the whole of the 
throughput . There is therefore a need of a method capable of specific pattern is used for CSI - RS transmission ; and for 
allocating resources for reference signals and data traffic eight antenna ports , two patterns are used for CSI - RS 
channels appropriately so as to optimize the total system transmission . 
throughput . Meanwhile , the zero power CSI - RS ( muting ) is always 
FIG . 2 is a diagram illustrating a structure of a subframe . transmitted in a unit of one pattern . That is , although the 
The radio resource depicted in FIG . 2 is of one subframe 20 muting is applied to plural patterns , if the muting positions 

in the time domain and one RB in the frequency domain . The do not match CSI - RS positions , the muting cannot be 
radio resource consists of 12 subcarriers in the frequency applied to one pattern partially . However , if the CSI - RS 
domain and 14 OFDM symbols in the time domain , i.e. 168 positions are identical with the zero power CSI - RS ( muting ) 
unique frequency - time positions . In LTE / LTE - A , each fre positions , the muting can be applied to part of a pattern . 
quency - time position is referred to as a Resource Element 25 In the case of transmitting two antenna port CSI - RSs , the 
( RE ) . eNB may transmit respective antenna port signals at two 
The radio resource structured as shown in FIG . 2 may be REs consecutively on the time axis , the antenna ports signals configured to transmit different types of signals as follows : being separated by orthogonal codes . In the case of trans 1. Cell - specific Reference Signal ( CRS ) : This is a refer mitting four antenna port CSI - RSs , the eNB may further ence signal broadcast periodically for use commonly by all 30 designate two REs consecutive on the time axis to transmit UEs within one cell . the antenna ports signals . In the case of transmitting eight 2. Demodulation Reference Signal ( DMRS ) : This is a antenna ports CSI - RSs , the eNB may designate further REs reference signal transmitted for a specific UE and used only in the same manner . for transmitting data to a corresponding UE . It may be 

possible to support up to 8 DMRS ports . In LTE / LTE - A , 35 In a cellular system , the reference signal has to be 
antenna ports 7 to 14 are allocated for DMRS and these ports transmitted for downlink channel state measurement . In the 
maintain orthogonality with Code Division Multiplexing case of the 3GPP LTE - A system , the UE measures the 
( CDM ) or Frequency Division Multiplexing ( FDM ) to avoid channel condition based on the CSI - RS transmitted by the 
interference with each other . eNB . The channel condition is measured in consideration of 

3. Physical Downlink Shared Channel ( PDSCH ) : This is 40 several factors including downlink interference . The down 
a downlink channel for use in transmitting traffic ( or data ) link interference includes interference caused by the anten 
from an eNB to a UE . The eNB may transmit data using REs nas of neighbor eNBs and thermal noise , which are impor 
to which no reference signal is mapped in the data region ( or tant in determining the downlink channel condition . For 
PDSCH region ) in FIG . 2 . example , in the case that the eNB with one transmit antenna 

4. CSI - RS : This is a reference signal transmitted for use 45 transmits the reference signal to the UE with one receive 
by UEs within a cell in channel state measurement . There antenna , the UE has to determine energy per symbol that can 
may be multiple CSI - RSs transmitted within a cell . be received in downlink and the interference amount that 

5. Other control channels ( Physical Hybrid - ARQ Indica- may be received for the duration of receiving the corre 
tor Channel ( PHICH ) , Physical Control Format Indicator sponding symbol to calculate Es / Io from the received ref 
Channel ( PCFICH ) , and Physical Downlink Control Chan- 50 erence signal . The calculated Es / Io is reported to the eNB 
nel ( PDCCH ) ) : An eNB may provide a UE with control such that the eNB determines the downlink data rate for the 
information for use in receiving data on PDSCH or transmit UE . The Es / lo is reported to the eNB for use in determining 
HARQ ACK / NACK corresponding to uplink data transmis- the downlink data rate for the UE . 
sion . In the LTE - A system , the UE transmits downlink channel 

In addition to the above signals , muting may be config- 55 state information to the eNB for use by the eNB in downlink 
ured in order for the UEs within the corresponding cell to scheduling . That is , the UE measure the reference signals 
receive the CSI - RSs transmitted by other eNBs in the LTE - A transmitted by the eNB and feeds back the measurement 
system . The muting may be configured at the positions result in a format specified in the LTE / LTE - A standard . In 
designated for CSI - RS and , typically , the UE may omit LTE / LTE - A , the information fed back by the UE as 
attempting to receive traffic signals at the muted CSI - RS 60 described above is referred to as CSI , which includes three 
positions . In the LTE - A system , the muting is referred to as types of information as follows : 
zero power CSI - RS . This is because the muting by nature is Rank Indicator ( RI ) : Indicator indicating the number of 
mapped to the CSI - RS positions without transmission spatial layers that can be supported by the UE under 
power . This is because the muting is configured at the current channel conditions . 
CSI - RS positions with zero power . In the following descrip- 65 Precoding Matrix Indicator ( PMI ) : Indicator indicating 
tion , CSI - RS configuration information may be interchange- the precoding matrix suitable for the UE under current 
ably referred to as NZP CSI - RS configuration information , channel conditions . 
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Channel Quality Indicator ( CRI ) : Indicator indicating the beamformed signals and feeds back the measurement result 
maximum data rate available for receiving data at the to maximize FD - MIMO gain . However , unlike the legacy 
UE under current channel conditions . non - beamformed CSI - RS transmission , the beamformed 

The CQI may be substituted by SINR , maximum error CSI - RS transmission may cause some issues as follows : 
correction code rate and modulation scheme , or data effi- 5 Channel measurement 
ciency per frequency that can be used similarly instead of the CSI - RS overhead 
maximum data rate . First , the channel measurement issue arises because a The RI , PMI , and CQI are associated with each other in beam is applied differently on the time and frequency meaning . For example , the precoding matrix supported in resources . In the current standard , the UE may acquire the LTE / LTE - A is configured differently per rank . Accordingly , 10 
the PMI value is interpreted differently depending on CSI through time averaging in the time domain during 
whether the RI is set to 1 or 2. In addition , when determining channel measurement . In this case , the UE performs channel 
CQI , the UE assumes that the PMI and RI that the UE has measurement using the CSI - RS received periodically and 
reported are applied by the eNB . For example , if the UE averages the measurement result to determine the channel 
reports RI_X , PMI_Y , and CQI_Z , this means that the UE is 15 state . In the case of using the beamformed CSI - RS , the beam 
capable of receiving the signal at the data rate corresponding may change as time progresses ; thus , time averaging is 
to CQI_Z when the rank RI_X and the precoding matrix performed on the pervious beam during channel measure 
PMI_Y are applied . In this way , the UE calculates the CQI ment , resulting in channel measurement inaccuracy . That is , 
with which the optimal performance is achieved in real if channel measurement is performed without restriction to 
transmission under the assumption of the transmission mode 20 the time averaging on the beamformed CSI - RS , this may 
to be selected by the eNB . cause inaccuracy of the measured channel state . 

In LTE / LTE - A , the UE may feedback the CSI including Second , the CSI - RS overhead issue arises because beam 
RI , PMI , and CQI periodically or aperiodically . If it is forming is performed in a UE - specific manner . Since the 
intended to acquire the CSI of a specific UE , the eNB may eNB has to form UE - specific beams for all UEs , the resource 
configure aperiodic feedback ( or aperiodic CSI report ) to the 25 amount for transmitting CSI - RSs increases in proportion to 
UE using an aperiodic feedback indicator ( or CSI request the number of UES . 
field or CSI request information ) included in Downlink In order to solve this problem , it may be possible for the 
Control Information ( DCI ) . It may also be possible to UE to perform aperiodic CSI reporting with restricted CSI 
configure the aperiodic feedback such that when the aperi- RS resources . With aperiodic CSI - RS reporting , all UEs may 
odic feedback indicator is received at the nth subframe the 30 share the CSI - RS resources . A description is made herein 
UE transmits the aperiodic feedback information ( or CSI ) at after of the aperiodic CSI reporting method . 
the ( n + k ) th subframe during the uplink data transmission . FIG . 3 is a diagram illustrating a CSI - RS - based CSI 
ere , k denotes a parameter specified in the 3GPP LTE reporting mechanism of a UE . 

standard Release 11 , k being set to 4 for the Frequency In reference to FIG . 3 , a UE may perform channel 
Division Duplexing ( FDD ) mode and any value of Table 1 35 measurement periodically with CSI - RS 310 and 320 
for Time Division Duplexing ( TDD ) mode . received periodically from an eNB ( hereinafter , referred to 

TABLE 1 

k per subframe number n in TDD UL / DL configuration 

TDD - UL / DL subframe number.no 

Configuration 0 1 2 3 46 50 64 86 9 

4 4 0 
1 

be 
6 
46 

60 
60 
48 

70 
4 4 

?? 2 
4 

4 4 
3 
4 
5 
ow 

4 
70 50 70 

In the case that the aperiodic feedback is configured , the 
feedback information ( or CSI ) may include the RI , PMI , and 
CQI and , among them , the RI and PMI may not be fed back 
depending on the feedback configuration ( or channel state 55 
report configuration ) . The CQI may include both the wCQI 
and sCQI or may include only the wCQI . 

In the case that the aperiodic feedback is configured , 
however , the UE aperiodically reports CSI generated based 
on the periodically - measured CSI , resulting in CSI inaccu- 60 
racy . 

Recently , studies are being conducted on optimized beam 
forming of CSI - RS for the UE in the FD - MIMO system . 
Since the FD - MIMO system supports vertical and horizontal 
beamforming according to the location of the UE , it may be 65 
possible to perform beamforming with CSI - RS resources . In 
this case , the UE performs channel measurement with the 

as P - CSI - RS ) and report the periodically measured CSI 330 
and 340 ( hereinafter , referred to as P - CSI ) to the eNB . 
At this time , if an aperiodic CSI reporting trigger 350 

( hereinafter , AP - CSI trigger ) is transmitted , the UE may 
generate AP - CSI 360 ( hereinafter , referred to as AP - CSI ) 
based on the periodically measured CSI ( P - CSI ) and reports 
the AP - CSI to the eNB . 

If the CSI - RS is beamformed , the AP - CSI generated 
based on the P - CSI generated based on the periodically 
measured CSI is likely to be inaccurate . In this case , 
consideration may be given to using a time restriction for 
beamformed CSI - RS - based channel measurement . 
FIG . 4 is a diagram illustrating an aperiodic CSI reporting 

mechanism . 
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FIG . 4 is directed to an exemplary case of calculating ated based on the AP - CSI - RS , and the present invention may 
AP - CSI with the time restriction and reporting the AP - CSI be applied to the AP - CSI reporting based on the AP - CSI - RS . 
when AP - CSI reporting is triggered . FIG . 5 is a flowchart illustrating eNB operations accord 

The eNB may transmit to the UE an AP - CSI reporting ing to an embodiment of the present invention . 
indicator to trigger AP - CSI reporting . The eNB may also 5 In reference to FIG . 5 , an eNB may transmit reference 
transmit time restriction information to the UE . For signal information to a UE at step S510 . The reference signal 
example , if the beam applied to the CSI - RS is changing , the information may be information on the resources for trans 
eNB may know the beam change time so as to trigger mitting the reference signal and may be transmitted to the 
CSI - reporting based on the beam change time . In this way , UE through higher layer ( Radio Resource Control ( RRC ) ) 
the eNB may apply a time restriction to channel measure- signaling 
ment . The eNB may also transmit the time restriction The reference signal information may include periodic 
information to the UE based on the beam change time . reference signal information ( hereinafter , referred to inter 

Accordingly , the UE may determine the AP - CSI by aver- changeably as first RS information and CSI - RS configura 
aging at least one P - CSI transmitted in a window indicated 15 tion information ) as the information for configuring periodic 
by the time restriction information among the P - CSIs mea- CSI reporting . The periodic reference signal information 
sured based on the P - CSI - RS . may be information on the reference signal transmitted 
The drawing is directed to a case where only one P - CSI periodically and , in detail , may include information on the 

410 is in the window indicated by the time restriction periodic reference signal transmission positions . 
information . Accordingly , the UE may report the P - CSI 410 The reference signal information may also include ape 
as the AP - CSI 420 to the eNB . riodic reference signal information ( hereinafter , referred to 
As aforementioned , the FD - MIMO system supports ver- interchangeably as second reference signal information or 

tical and horizontal beamforming according to the location AP - CSI - RS configuration information ) . The aperiodic ref 
of the UE as described above ; thus , if beamforming is 25 erence signal information may be information on the refer 
applied to the CSI - RS resources , the UE may perform ence signal transmitted aperiodically and , in detail , may 

include information on the aperiodic reference signal trans channel measurement based on the beamformed signal and mission positions . report the measurement result so as to maximize the FD The periodic reference signal information and the aperi MIMO gain . However , the beamforming may vary accord odic reference signal information may be transmitted to the 
ing to the time - frequency resources ; thus , if there is no UE in two separate messages or one message . 
restriction in time averaging for CSI - RS - based channel The periodic reference signal information is formatted as 
measurement , it may be difficult to expect the acquisition of shown in Table 2 . 

20 

30 

TABLE 2 
ASNISTARTKI 

CSI - RS - ConfigNZP - r11 :: = SEQUENCE { 
csi - RS - ConfigNZPId - r11 ? CSI - RS - ConfigNZPId - r11 , 
antennaPortsCount - r11 ? ENUMERATED { an1 , an2 , an4 , an8 } , " 
resourceConfig - r11 ? INTEGER ( 0..31 ) , 
subframeConfig - r11 INTEGER ( 0..154 ) , 

? scrambling Identity - r11- ? INTEGER ( 0..503 ) , 
? qcl - CRS - Info - r11 ? ? SEQUENCE { + 

qcl - ScramblingIdentity - r11 ? INTEGER ( 0..503 ) , 
? crs - Ports Count - r11 ? ENUMERATED { n1 , n2 , n4 , sparel } , 

mbsfn - SubframeConfigList - r11 ? CHOICE { 
? release NULL , 

setup SEQUENCE { * 
subframeConfigList ? MBSFN - SubframeConfigList 

> 

? OPTIONAL ? -- Need ON 
? OPTIONAL , Need OR 

-- ASN1STOP 

55 

accurate CSI . In the current LTE standard , no restriction is 
specified in association with the time averaging for P - CSI 
RS - based channel measurement of the UE . Also , if the 
CSI - RS beamforming is performed in a UE - specific manner , 
this may cause CSI - RS overhead . 

In Table 2 , the resource information ( resourceConfig - r11 ) 
denotes a CSI - RS configuration index for use by the eNB to 
notify the UE of the CSI - RS transmission positions in an 
RB . In the current LTE standard , no restriction is specified 

60 for time averaging during the channel measurement of the 
UE . 
The present invention is characterized in that the eNB 

transmits the aperiodic reference signal information to the 
UE to solve the above problem . 
The aperiodic reference signal information may be for 

matted as shown in Table 3 . 

In order to solve this problem , the present invention 
proposes a method for generating and reporting AP - CSI . 
However , the present invention is not limited to the case of 
transmitting beamformed CSI - RSs . The aforementioned 
problem may occur in the case of reporting AP - CSI gener 

65 
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TABLE 3 
ASN1START 

AP - CSI - RS - ConfigNZP - r13 :: = " SEQUENCE { * 
? csi - RS - ConfigNZPId - r13 CSI - RS - ConfigNZPId - r13 , 
? antennaPortsCount - r13 ? ENUMERATED { an1 , an2 , an4 , an8 } , 

resourceConfig - r13 INTEGER ( 0..31 ) , 
subframeConfig - r13 INTEGER ( 0..154 ) , 
scrambling Identity - r13 ? ? INTEGER ( 0..503 ) , 

? qcl - CRS - Info - r13 ? SEQUENCE { 
qcl - Scrambling Identity - r13 ? INTEGER ( 0..503 ) , 
crs - PortsCount - r13 ? ? ENUMERATED { n1 , n2 , n4 , sparel } , 
mbsfn - SubframeConfigList - r13 CHOICE { * 

release NULL , " 
? setup SEQUENCE { 

subframeConfigList- > ? MBSFN - SubframeConfigList * 

? OPTIONAL ? -- Need ON 
? OPTIONAL , Need OR 

} 

20 

25 

30 

35 

It may be possible to define newly two terms to describe frameConfig ) configured in the case when the AP - CSI - RS 
the aperiodic reference signal information . transmission is indicated by the AP - CSI - RS indicator . In this 

Aperiodic CSI - RS ( AP - CSI - RS ) case , it may be possible to refer to the first method as 
Aperiodic CSI - RS measurement described hereinafter . 
Unlike the legacy CSI - RS , the AP - CSI - RS is transmitted It may also be possible for the eNB to notify the UE of the 

by the eNB only when the AP - CSI - reporting is triggered . AP - CSI - RS transmission timings by configuring the sub 
The aperiodic CSI - RS measurement may be an operation of frame information ( subframeConfig ) and AP - CSI - RS 
performing channel measurement using the AP - CSI - RS . period . In this case , it may be possible to refer to the second 

If the AP - CSI - RS is received , the UE may perform and third method as described hereinafter . 
channel measurement only with the AP - CSI - RS that is In the current LTE standard , it is specified that a UE can 
transmitted periodically . This results in applying a time configure up to 3 pieces of NZP CSI - RS configuration 
restriction automatically . information . Accordingly , the eNB may configure one or 

The AP - CSI - RS may be used for performing channel more pieces of AP - CSI - RS configuration information . 
measurement efficiently , and CSI - RS resources can be allo- In the FD - MIMO system , CSI - RS beamforming may be 
cated more effectively by configuring AP - CSI - RS . applied to a very sharp beam to a terminal . At this time , the 

In order to use the AP - CSI - RS , the eNB may transmit to beamforming vector applied to the CSI - RS may be deter 
the UE the information as follows . mined based on SRS or non - beamformed CSI - RS . Accord 
AP - CSI - RS configuration information ingly , if a wrong beamforming vector is applied to the 
AP - CSI - RS indicator ( or aperiodic reference signal indi- 40 CSI - RS , the beam may not be formed in an accurate 

cator ) direction to the UE . Accordingly , in the case of configuring 
The eNB may transmit the aperiodic reference signal a plurality of AP - CSI - RSs , it may be possible to improve the 

information through RRC signaling and include AP - CSI - RS accuracy of the CSI report in such a way that the UE configuration information . performs channel measurement based on the more accu The eNB may configure the AP - CSI - RS based on the 45 rately beamformed AP - CSI - RSs . AP - CSI - RS configuration information . The eNB may indi As described above , the reason for defining a new ape cate AP - CSI - RS configuration and AP - CSI - RS - based CSI riodic reference signal in an RRC field is to indicate explic measurement report by configuring the AP - CSI - RS indicator 
in Downlink Control Information ( DCI ) . itly that the AP - CSI - RS is transmitted by the eNB only when 

In detail , the AP - CSI - RS configuration information may 50 AP - CSI reporting is triggered . In the case that the AP - CSI 
be information indicating the AP - CSI - RS transmission posi reporting is triggered , the UE performs channel measure 
tions . In Table 3 , the resource information ( resourceConfig ment only on the AP - CSI - RS . Technically , it may be pos 
r13 ) indicates the AP - CSI - RS configuration index for use by sible to perform the proposed AP - CSI - RS measurement and 
the eNB to notify the UE of the AP - CSI - RS transmission reporting using the NZP CSI - RS configuration information 
positions in an RB . of Table 2 , which is specified in the current standard , without 

The subframe information ( subframeConfig - r13 ) is used defining the AP - CSI - RS . However , it is necessary to con 
for indicating the subframes carrying the AP - CSI - RS , and figure the P - CSI - RS and AP - CSI - RS separately as described 
this indication may be made in various ways . above in order to use both the P - CSI - RS and AP - CSI - RS 

For example , the eNB may transmit subframe indices or simultaneously . 
a bitmap to the UE to inform the UE of the subframes 60 After transmitting the reference signal information , the 
carrying the AP - CSI - RS . The eNB may also configure a eNB may configure the AP - CSI - RS indicator at step S520 . 
subframeConfig - r13 set as the information on a set of In the embodiment 2 or 3 in which the AP - CSI - RS is 
subframes carrying the AP - CSI - RS . The subframeConfig- configured to be transmitted periodically , step S520 may be 
r13 set may be configured with entries from INTEGER ( 0 . omitted . 
. . 154 ) constituting the subframeConfig - r13 . The AP - CSI - RS indicator may be the information indi 
Accordingly , the eNB may configure the AP - CSI - RS cating whether to configure the AP - CSI - RS according to the 

transmission timings using the subframe information ( sub- aperiodic reference signal information set in the RRC field . 

55 

65 
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Even when the aperiodic reference signal information is based on the aperiodic reference signal information , the 
set in the RRC field , if no AP - CSI report is required , it is not AP - CSI - RS indicator is set to O to indicate the first AP - CSI 
necessary for the eNB to transmit any aperiodic reference RS or 1 to indicate the second AP - CSI - RS . If no AP - CSI - RS 
signal . Accordingly , the eNB may notify the UE whether an indicator is configured in the DCI , it may be interpreted that 
AP - CSI - RS is configured in the resources using the indica- 5 no AP - CSI - RS is used . 
tor . The information carried in the AP - CSI - RS indicator may 

The eNB may configure the AP - CSI - RS indicator with a not include any specific CSI - RS index and , if the AP - CSI 
DCI field and transmit the AP - CSI - RS indicator to the UE . RS indicator includes no AP - CSI - RS index , it may be 
The AP - CSI - RS indicator may be configured in the DCI possible to configure such that no AP - CSI - RS is applied . 
field in such a way of adding a 1 - bit AP - CSI - RS indicator to 10 In the example of Table 5 , if the AP - CSI - RS indicator 0 
the DCI format 0/4 that is used for PUSCH scheduling . As includes no specific CSI - RS index , the AP - CSI - RS indicator 
described above , the 1 - bit AP - CSI - RS indicator may be used O may be configured such that no AP - CSI - RS is applied . In 
to indicate whether the AP - CSI - RS is transmitted or not . this case , the AP - CSI - RS indicators 1 , 2 , and 3 may be 

The eNB may also set a CSI Request field included in the configured as the first , second , and third CSI - RS indices , 
uplink DCI to 1 for triggering AP - CSI - reporting and con- 15 respectively , through RRC information . 
figure the UE to report AP - CSI - RS - based CSI using the 1 - bit If the eNB configures three AP - CSI - RSs , which are 
AP - CSI - RS indicator . In detail , the 1 - bit AP - CSI - RS indi- designated as the first , second , and third CSI - RS indices 
cator may be configured to indicate an operation as follows . with the RRC information , the eNB may dynamically select 
AP - CSI - RS indicator indicating AP - CSI - RS transmis- and transmit to the UE at least one of the configured 

sion : Configuring AP - CSI - RS using the aperiodic ref- 20 AP - CSI - RS indices using the CSI - RS indicator . 
erence signal information transmitted through RRC If the AP - CSI - RS index is not configured through RRC 
signal to generate AP - CSI . signaling , the UE may interpret the corresponding AP - CSI 

AP - CSI - RS indicator indicating no AP - CSI - RS transmis- RS indicator as a value indicating that AP - CSI - RS is not 
sion : AP - CSI - RS transmission resources may be used transmitted . In this case , the AP - CSI - RS resources may be 
for PDSCH transmission . 25 used for PDSCH transmission as in the case of configuring 

Although the description has been directed to the AP - CSI- the 1 - bit AP - CSI - RS indicator . 
RS indicator configuration method using the uplink DCI , the For example , if four AP - CSI - RSs are configured by 
AP - CSI - RS indicator configuration method is not limited means of the second reference signal information , the AP 
thereby CSI - RS indicator may indicate the index of the AP - CSI - RS 
A description is made of a method for configuring the 30 to be used among the configured AP - CSI - RSs . 

AP - CSI - RS indicator using Transmit Power Control ( TPC ) . However , if three AP - CSI - RS indices are configured by 
Here , a TPC DCI means DCI format 3 / 3a . In detail , the TCP means of the second reference signal information while the 
command field defined for TPC may be used as the P - CSI- AP - CSI - RS indicator indicates four AP - CSI - RS indices , the 
RS indicator as shown in Table 4 or 5. It may be possible to AP - CSI - RS indicator 4 for the fourth AP - CSI - RS index may 
define a new Radio Network Temporary Identifier ( RNTI ) 35 be used to indicate that no AP - CSI - RS is applied . 
for use of the DCI format 3 / 3a as the AP - CSI - RS indicator It may be possible to consider an approach for configuring 
as well as the TPC . the AP - CSI - RS indicator by adding extra bits to DCI . In 

detail , the eNB may use DL DCI formats of DCI 1 , DCI 1a , 
TABLE 4 DCI 2C , and DCI 2D . This approach may be advantageous 

40 in terms that the UE is capable of identifying the AP - CSI - RS AP - CSI - RS indicator Field in DCI format 3a transmission , estimating AP - CSI - RS , and preparing feed 
AP - CSI - RS indicator back in advance . 

Field in DCI format 3A Indication Next , a description is made of the AP - CSI - RS indicator 
based PDSCH RE mapping and rate matching method . If the First CSI - RS index configured with RRC 45 AP - CSI - RS resources indicated by the AP - CSI - RS indicator information 

Second CSI - RS index configured with RRC and the CSI - RS resources configured by RRC are not 
information overlapped , it may be possible to identify the PDSCH RE 

mapping and to perform rate matching using the union 
thereof . In more detail , when the UE that has not received 

50 any AP - CSI - RS receives PDSCH , it may be possible to send 
TABLE 5 the UE the ZP CSI - RS configuration information for rate 

matching 
AP - CSI - RS indicator Field in DCI format 3 If the AP - CSI - RS indicator of 2 or more bits is included 

in the DCI format 0/4 that is used for PUSCH scheduling or AP - CSI - RS indicator 
Field in DCI format 3 Indication if the DCI format 3 is used as shown in Table 5 , it may be 

possible to configure a function of selecting AP - CSI - RS 
First CSI - RS index configured with RRC resources dynamically . A description thereof is made in information more detail with reference to Table 6. Table 6 exemplifies a Second CSI - RS index configured with RRC 
information case where the AP - CSI - RS indicator is 2 bits . In Table 6 , a 
Third CSI - RS index configured with RRC CSI - RS index corresponds to one of the configured AP - CSI 
information 60 RSs . 
Fourth CSI - RS index configured with RRC 
information TABLE 6 

0 

1 

55 
0 

1 

2 

3 

AP - CSI - RS indicator Indication 

00 
In reference to FIG . 4 , the AP - CSI - RS indicator may 

indicate presence of at least one AP - CSI - RS configuration 65 
information configured based on the reference signal infor 
mation . For example , if two AP - CSI - RSs are configured 

First CSI - RS index configured with RRC 
information 
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TABLE 6 - continued In reference to FIG . 6 , the UEmay receive reference 
signal information at step S610 . The reference signal infor 

Indication mation may include periodic reference signal information 
Second CSI - RS index configured with RRC and aperiodic reference signal information . 
information After receiving the reference signal information , the UE 
Third CSI - RS index configured with RRC may receive DCI at step S621 . information 
Fourth CSI - RS index configured with RRC The UE may identify at step S630 whether an AP - CSI - RS 
information indicator is configured and whether aperiodic CSI reporting 

is triggered based on the DCI . 
One of the AP - CSI - RS indicator values may include no In detail , the UE may identify whether an AP - CSI - RS 

specific AP - CSI - RS index , and the AP - CSI - RS indicator indicator is configured and whether aperiodic CSI reporting 
value including no AP - CSI - RS index may be configured to is triggered based on the DCI based on the AP - CSI - RS 

indicator included in the DCI . indicate that no AP - CSI - RS is applied . If an AP - CSI - RS 
index is not configured through RRC signaling , the UE may 15 TheAP - CSI - RSindicator maybedeliveredinthe formo? 
interpret that the corresponding AP - CSI - RS indicator value a predetermined number of bits or a bitmap to indicate 
indicates no AP - CSI - RS transmission . In such a case , the whether an AP - CSI - RS is transmitted . The UE may deter 
AP - CSI - RS resources may be used for PDSCH transmission mine on the basis of the AP - CSI - RS indicator whether an 
as in the case where 1 - bit AP - CSI - RS indicator is config AP - CSI - RS is transmitted . If an AP - CSI - RS is transmitted , 
ured . 20 the UE may assume that AP - CSI - RS - based AP - CSI report 

For example , if the AP - CSI - RS indicator 00 , in Table 6 , ing is triggered . 
does not include a specific CSI - RS index and it is configured For example , if the AP - CSI - RS indicator is set to 1 , the 
that no AP - CSI - RS is applied , the AP - CSI - RS indicators 01 , UE may assume that the AP - CSI - RS is configured and the 
10 , and 11 may be configured as the first , second , and third AP - CSI - RS - based CSI report is triggered . The eNB may 
CSI - RS indices configured with RRC information . If the 25 indicate at least one of AP - CSI - RS configuration informa 
eNB maps the three AP - CSI - RSs to the first , second , and tions transmitted through RRC signaling with a 1 - bit or 2 - bit 
third AP - CSI - RS indices configured with RRC information , AP - CSI - RS indicator . The UE may identify the AP - CSI - RS 
the eNB may select the AP - CSI - RS resources dynamically configuration information to be used and AP - CSI - RS trans 
for the UE . The UE may identify the PDSCH RE mapping mission resources positions based on the AP - CSI - RS indi 
based on the CSI - RS indicator and perform rate matching . If 30 cator . However , if the number of pieces of AP - CSI - RS 
the AP - CSI - RS resources indicated by the AP - CSI - RS indi- configuration information transmitted through RRC signal 
cator and the CSI - RS resources configured by RRC are not ing increases , the number of bits of the AP - CSI - RS indicator 
overlapped , it may be possible to identify PDSCH RE may increase proportionally . For example , if the number of 
mapping and perform rate matching using the union thereof . pieces of AP - CSI - RS configuration information is 7 , a 3 - bit 

Then the eNB may trigger aperiodic CSI reporting at step 35 AP - CSI - RS indicator may be used . 
S530 . The DCI may include a CSI request field , which may be 
As described above , the eNB may trigger aperiodic CSI used to trigger periodic CSI - RS - based CSI reporting aperi 

reporting with the AP - CSI - RS indicator . For example , the odically . The CSI request field may be delivered in the form 
eNB may trigger AP - CSI - RS - based aperiodic CSI - reporting of a predetermined number of bits or a bitmap . 
using the 1 - bit or 2 - bit AP - CSI - RS indicator . At this time , 40 However , the eNB may addî bit or a predetermined 
the eNB may use the CSI - RS request field configured for number of bits to the legacy CSI - RS request field to trigger 
triggering the legacy CSI - RS - based aperiodic CSI - report the CSI report measured based on the AP - CSI - RS . For 
and the AP - CSI - RS indicator configured for triggering the example , the eNB may indicate to the UE whether to report 
AP - CSI - RS - based AP - CSI report separately . The eNB may the CSI measured based on the AP - CSI - RS using 1 - bit 
add a predetermined number of bits to the legacy CSI 45 information added to the head or tail of the legacy 1 - bit or 
request field to indicate whether to trigger the AP - CSI - RS- 2 - bit CSI - RS request field . The UE may determine , based on 
based CSI report or the CSI - RS - based CSI report . the information included in the CSI - RS request field , 

For example , the first or last bit of the CSI - RS field may whether a AP - CSI - RS - based CSI - RS report is triggered . 
be set to 1 to trigger the AP - CSI - RS - based CSI report or 0 If it is determined that the aperiodic CSI reporting is 
to trigger the CSI - RS - based CSI report . It may also be 50 triggered , the UE may perform channel measurement with 
possible to add the bit information described with reference the received CSI - RS at step S640 . 
to Tables 4 to 6 to the head or tail of the CSI - RS request filed TheUEmay acquire resource signal resource transmise 
to trigger the AP - CSI - RS - based CSI report . sion resource information from the reference signal infor 

After triggering the AP - CSI report , the eNB may transmit mation and identify based on the reference signal informa 
the reference signals at step S540 . 55 tion whether a reference signal is transmitted and whether 

In detail , if the eNB has triggered AP - CSI , it may transmit CSI - RS reporting is triggered . If the reference signal infor 
AP - CSI - RS based on the AP - CSI - RS information . At this mation includes a plurality of reference signal configuration 
time , the eNB may transmit to the UE the CSI - RS beam- information , the UE may identify the reference signal con 
formed with a beamforming vector . figuration information to be used based on the DCI . The UE 

After transmitting the CSI - RS , the eNB may receive the 60 may perform channel measurement with the identified ref 
CSI measured based on the CSI - RS . erence signal configuration information . For example , the 

The terms used in the present invention may be replaced UE may acquire the information on the CSI - RS transmission 
by other terms , if necessary . For example , the term “ AP- resources and the AP - CSI - RS transmission resources from 
CSI - RS indicator ” may be replaced by the term “ AP - CSI - RS the reference signal information and , if the DCI includes the 
request field ” or “ aperiodic channel request information ” . 65 AP - CSI - RS indicator , it may perform channel measurement 

FIG . 6 is a flowchart illustrating UE operations according using the AP - CSI - RS transmitted on the AP - CSI - RS trans 
to an embodiment of the present invention . mission resources . 
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After the channel measurement , the UE may generate CSI mation . At this time , the eNB may trigger beamformed 
at step S650 and transmit the CSI generated on one of the CSI - RS - based CSI or non - beamformed CSI - RS - based CSI . 
AP - CSI - RS resources at step S660 . The eNB may use DCI for triggering CSI reporting as 
FIG . 7 is a diagram illustrating a first method for aperiodic described above . 

CSI reporting according to an embodiment of the present 5 The eNB may also configure AP - CSI - RSs 810 , 820 , and 
invention . 830 in advance by transmitting aperiodic reference signal 
A description is made of the AP - CSI reporting method information through RRC signaling and transmit the AP 

based on AP - CSI - RS and AP - CSI - RS measurement with CSI - RSS 810 , 820 , and 830 periodically as shown in FIG . 8 . 
reference to FIG . 7 . If the AP - CSI reporting is triggered as denoted by refer 

The eNB may transmit reference signal information to the 10 ence number 840 , the UE may perform channel measure 
UE through RRC signaling and trigger AP - CSI reporting , as ment based on the AP - CSI - RS 820 transmitted after the 
denoted by reference number 710 of FIG . 7 , to receive CSI AP - CSI - RS trigger to generate CSI 850. The CSI measured 
measured based on the transmitted CSI - RS according to the based on the AP - CSI - RS may be referred to as AP - CSI . 
reference signal information . At this time , the eNB may Then the eNB may transmit CSI information at subframe 
trigger beamformed CSI - RS - based CSI or non - beamformed 15 n + k as a predetermined timing . At this time , subframe n may 
CSI - RS - based CSI . denote the time when the AP - CSI reporting is triggered and 

The eNB may use DCI for triggering CSI reporting as k may denote a predetermined value . 
described above . In this embodiment , since the UE may perform channel 

The eNB may also configure an AP - CSI - RS 720 in measurement only after the receipt of any AP - CSI - RS , it 
advance by transmitting aperiodic reference signal informa- 20 may be necessary to add extra measurement time as in the 
tion through RRC signaling and use an AP - CSI - RS indicator first embodiment . 
to inform of AP - CSI - RS transmission . At this time , the Accordingly , k may be set to 4 or a value greater than 4 
AP - CSI - RS indicator may be added to a DCI field . ( e.g. , k = 8 ) . 

Although the CSI reporting is triggered at the same As described above , the method of FIG . 8 is characterized 
position as the AP - CSI - RS transmission resources as 25 in that the AP - CSI - RS is configured periodically so as to 
denoted by reference number 710 in the drawing , the present increase CSI - RS overhead in comparison with the method of 
invention is not limited thereby . That is , the eNB may trigger FIG . 7. However , it may be possible to configure ZP CSI - RS 
the CSI reporting as a time point different from that of the to a legacy UE through RRC signal because the AP - CSI - RS 
AP - CSI - RS transmission time point . is transmitted periodically . Accordingly , the method of FIG . 

The UE may measure channel state using the AP - CSI - RS 30 8 is advantageous in terms of minimizing the influence to the 
transmitted after the CSI - RS reporting has been triggered . legacy UE . 

If the AP - CSI - RS reporting is triggered , the UE may FIG . 9 is a diagram illustrating a third method for aperi 
perform channel measurement using the configured AP - CSI- odic CSI reporting according an embodiment of the 
RS 720 to generate the CSI 730. The CSI measured based on present invention . 
the AP - CSI - RS 720 may be referred to as AP - CSI . A description is made of the AP - CSI reporting method 

Then the eNB may transmit CSI information at subframe based on AP - CSI - RS and AP - CSI - RS measurement with 
n + k as a predetermined timing . At this time , subframe n may reference to FIG . 9 . 
denote the time when the AP - CSI reporting is triggered , and As described with reference to FIG . 8 , if the channel 
k may be a predetermined value . measurement is performed with the AP - CSI - RS configured 

For example , k may be set to 4 for FDD . In the present 40 after triggering the AP - CSI reporting , the CSI transmission 
invention , however , the channel measurement may be per- timing is likely to be delayed too long ( e.g. , subframe n + k ) . 
formed after the receipt of the AP - CSI - RS ; thus , it may be As in the embodiment of FIG . 8 , the AP - CSI - RS is 
necessary to add extra measurement time . If the measure- configured periodically in FIG . 9. However , the embodiment 
ment time is elongated because a plurality of AP - CSI - RSS of FIG . 9 is different from that of FIG . 8 in that the UE is 
are configured , k may be set to a value greater than 4 ( e.g. , 45 always performing channel measurement on the AP - CSI 
k = 8 ) . RS . 
As described above , the AP - CSI - RS - based CSI genera- In reference to FIG . 9 , the eNB may transmit reference 

tion method operating in such a way of triggering CSI signal information to the UE through RRC signaling and 
reporting after configuration of the AP - CSI - RS transmission trigger AP - CSI reporting as denoted by reference number 
resource through RRC signaling and transmitting the AP- 50 910 to receive the CSI information generated based on the 
CSI - RS for the case where an AP - CSI indicator is config- transmitted CSI - RS according to the reference signal infor 
ured is advantageous in terms of transmitting PDSCH on the mation . At this time , the eNB may trigger beamformed 
AP - CSI - RS transmission resource not used because of the CSI - RS - based CSI or non - beamformed CSI - RS - based CSI . 
aperiodicity . The eNB may use DCI for triggering CSI reporting as 
FIG . 8 is a diagram illustrating a second method for 55 described above . 

aperiodic CSI reporting according to an embodiment of the If the AP - CSI - RS is configured in a predetermined sub 
present invention . frame ( e.g. , n + m ( m < k ) ) after the AP - CSI triggering 910 , the 
A description is made of the AP - CSI reporting method UE may perform channel estimation with the AP - CSI - RS 

based on AP - CSI - RS and AP - CSI - RS measurement with configured after the AP - CSI triggering and transmit the 
reference to FIG . 7 . 60 corresponding CSI at the predetermined subframe n + k as 

This embodiment is different from the embodiment of shown in FIG . 8. At this time , subframe n may denote the 
FIG . 7 in that the AP - CSI - RS is always configured periodi- time when the AP - CSI reporting is triggered and k may be 
cally . a predetermined value . 

The eNB may transmit reference signal information to the However , if the AP - CSI - RS is not configured in the 
UE through RRC signaling and trigger AP - CSI reporting , as 65 predetermined subframe ( e.g. , n + m ( m + k ) ) , the UE may 
shown in FIG . 7 , to receive CSI measured based on the transmit the CSI information in the subframe n + k as the 
transmitted CSI - RS according to the reference signal infor- predetermined timing using the AP - CSI 930 as a result of the 

35 
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channel measurement on the most recently received AP- CSI - RS - based aperiodic CSI - report and the AP - CSI - RS 
CSI - RS 920 before AP - CSI - RS triggering . Here , m may be indicator configured for triggering an AP - CSI - RS - based 
set to a value less than k . Here , k is a parameter defined in AP - CSI report separately . The controller 1020 may add a 
the 3GPP LTE standard Release 11 and set to 4 for FDD and predetermined number of bits to the legacy CSI request field 
one of the values listed in Table 1 for TDD . In detail , it is 5 to indicate whether to trigger an AP - CSI - RS - based CSI 
necessary to secure channel measurement time after receiv- report or a CSI - RS - based CSI report . The detailed descrip 
ing the AP - CSI - RS ; thus , the eNB sets m to a value for CSI tion thereof has been made above and thus omitted herein . 
transmission at subframe n + k . The controller 1020 may also transmit a reference signal . 

Accordingly , the aperiodic CSI reporting method may be The controller 1020 may transmit the reference signal at the 
implemented with a post - trigger measurement operation as 10 resource positions determined based on the aperiodic refer 
shown in FIG . 8 or a pre - trigger measurement operation as ence signal information and the DCI . For example , the 
shown in FIG . 9 . controller 1020 may transmit the CSI - RS periodically based 
FIG . 10 is a block diagram illustrating a configuration of on the periodic reference signal information . If the aperiodic 

an eNB according to an embodiment of the present inven- CSI reporting is triggered , the controller 1020 may control 
tion . 15 to transmit the AP - CSI - RS using at least one of the resources 

In reference to FIG . 10 , the eNB may include a transceiver indicated by the aperiodic reference signal information . At 
1010 , a controller 1020 , and a memory 1030 . this time , if the aperiodic reference signal information 
The transceiver 1010 may communicate signals with a indicates a plurality of resources , the controller 1020 may 

network entity . The transceiver 1010 may transmit reference transmit the AP - CSI - RS information with the AP - CSI - RS 
signal information to a UE through RRC signaling and DCI 20 indicator . The detailed description thereof has been made 
through a PDCCH . The transceiver 1010 may receive CSI above and thus omitted herein . 
from the UE . The controller 1020 may also control to receive the CSI 

The controller 1020 may control the transceiver to trans- transmitted by the UE . 
mit the reference signal information to the UE through RRC The memory 1030 may store the reference signal infor 
signaling . At this time , the reference signal information may 25 mation transmitted to the UE . The memory 1030 may also 
include periodic reference signal information for periodic store the AP - CSI - RS . The memory 1030 may also store the 
CSI reporting and aperiodic reference signal information for received CSI . Furthermore , the memory 1030 may also store 
aperiodic CSI reporting . The controller 1020 may notify the the information generated or exchanged during the operation 
UE of AP - CSI - RS transmission resource positions using the of the present invention . 
aperiodic reference signal information . FIG . 11 is a block diagram illustrating a configuration of 

The controller 1020 may transmit AP - CSI - RS subframe a UE according to an embodiment of the present invention . 
indices or a corresponding bitmap or a AP - CSI - RS subframe In reference to FIG . 11 , the UE may include a transceiver 
set information to the UE to indicate the AP - CSI - RS sub- 1110 , a controller 112 and a memory 1130 . 
frames ( first method ) . The transceiver 1110 may communicate signals with a 

The controller 1020 may also transmit to the UE the 35 network entity . The transceiver 1110 may receive reference 
subframe information and AP - CSI - RS period to notify the signal information through RRC signaling and DCI through 
UE of the AP - CSI - RS transmission timings ( second and a PDCCH . The transceiver 1110 may also receive CSI from 
third methods ) . the UE . 

The controller 1020 may also configure an AP - CSI - RS The controller 1120 may control the transceiver to receive 
indicator in the DCI and control the transceiver to transmit 40 reference signal information from the eNB . The reference 
the indicator . The AP - CSI - RS is transmitted by the eNB only signal information may include periodic reference signal 
when the AP - CSI reporting is triggered and , if it is deter- information and aperiodic reference signal information . 
mined to transmit the AP - CSI - RS at predetermined posi- The controller 1120 may control the transceiver to receive 
tions , the controller 1020 may set the AP - CSI - RS indicator DCI . The controller 1120 may determine based on the 
to 1. If the AP - CSI - RS indicator is set to 1 , the controller 45 received DCI whether an AP - CSI - RS indicator is configured 
may control to transmit data on the AP - CSI - RS transmission and whether periodic CSI reporting is triggered . 

In detail , the controller 1120 may determine based on the 
If two AP - CSI - RSs are configured based on the aperiodic AP - CSI - RS indicator included in the DCI whether the 

reference signal information , the controller may configure AP - CSI - RS indicator is configured and whether aperiodic 
the AP - CSI - RS indicator 0 to indicate the first AP - CSI - RS 50 CSI - RS reporting is triggered . 
and the AP - CSI - RS indicator 1 to indicate the second The AP - CSI - RS indicator may be configured in the form 
AP - CSI - RS . At this time , if no AP - CSI - RS indicator value of a few bits or a bitmap to indicate AP - CSI - RS transmis 
is configured in the DCI , the controller may configure such sion . The UE may identify on the basis of the AP - CSI - RS 
that no AP - CSI - RS is used . indicator whether any AP - CSI - RS is transmitted . If the 

If the aperiodic reference signal information includes at 55 AP - CSI - RS indicator is configured , the UE may identify that 
least one or more pieces of AP - CSI - RS configuration infor- AP - CSI - RS - based AP - CSI reporting has been triggered . 
mation , the controller 1020 may configure the AP - CSI - RS The DCI may include a CSI - RS field for triggering 
indicator of two bits . periodic CSI - RS - based CSI reporting aperiodically . The 

The detailed description thereof has been made above and CSI - RS request field may consist of a few bits or a bitmap . 
thus omitted herein . 60 The controller 1120 may add 1 bit or a predetermined 

The controller 1020 may trigger AP - CSI reporting to number of bits to the legacy CSI request field for use in 
receive an AP - CSI report from the UE . The controller 1020 triggering AP - CSI - RS - based CSI reporting . The UE may 
may configure the AP - CSI - RS indicator in the DCI to trigger identify the AP - CSI - RS indicator to determine whether 
AP - CSI - RS - based AP - CSI reporting . The controller 1020 AP - CSI - RS transmission is configured and whether AP 
may trigger the AP - CSI reporting using a 1 - bit or 2 - bit 65 CSI - RS - based CSI reporting is triggered . The detailed 
AP - CSI - RS indicator . At this time , the eNB may use the description thereof has been made above and thus omitted 
CSI - RS request field configured for triggering a legacy herein . 

resources . 
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If the AP - CSI reporting is triggered , the controller 1120 -continued may perform channel measurement based on the received p AP - CSI - RS . = argmax || H , P 
VERV PEPY The controller 1120 may acquire reference signal trans 

mission resource information from the reference signal 
information and identify the resources for use in transmitting Here , RH and Rºdenote , respectively , the sets of ranks in 
the reference signal based on the DCI . The controller 1120 horizontal and vertical directions ; P , H and P. , denote , may control to perform channel measurement based on the respectively , the sets of rank - r precoders in horizontal and reference signals received on the identified resources . For vertical directions ; and H , " and H , denote , respectively , the 
example , the controller 1120 may receive the CSI - RS trans- 10 channel matrices in horizontal and vertical directions . By mission and the AP - CSI - RS transmission 
resources through the reference signal information and , if measuring channels with the M + N CSI - RS ports using 
the DCI includes the AP - CSI - RS indicator , control the UE to equation 1 , it may be possible to obtain the optimal RI and 

PMI . perform channel measurement with the AP - CSI - RSS 
received on the AP - CSI - RS transmission resources . The most advantageous way to reduce CSI - RS overhead 

The controller 1120 may generate CSI and transmit the is to identify the information on a large number of transmit 
CSI . antennas with a small number of CSI - RS ports . However , 
The memory 1130 may store the received reference signal determining the RI , PMI , and CQI on all FD - MIMO chan 

information . The memory 1130 may also store the received nels arbitrarily through partial channel measurement may 
reference signals ( AP - CSI - RS or CSI - RS ) . The memory cause degradation of system performance . 
1130 may also store the information generated or exchanged Alternatively , it may be possible to identify the CSI using 
during the procedure of the present invention . MxN CSI - RS ports for MxN transmit antennas . 

Meanwhile , the FD - MIMO system is characterized by Equation 2 represents a method for selecting vertical CSI 
MxN ( vertical direction x horizontal direction ) antennas and horizontal CSI when measuring channels with MxN 
arranged two - dimensionally . This means that the complexity CSI - RS ports . Here , the CSI may include the RI and PMI . 
of the UE that calculates the PMI and RI suitable for all 
FD - MIMO channels increases in proportion to the number 
of antenna ports in both the horizontal and vertical antenna [ Equation 2 ] 

pl $ ports . Since the number of available PMIs increases in argmax lump 
proportion to the number of antenna ports , the number of 
bits required to notify the eNB of the UE - preferred PMIs 
increases too . In the case of the CSI feedback through 3 typy 

PERV , PEPY PUCCH , the size of payload for containing the CSI is 
limited and this cause a problem in CSI feedback . In order 
to solve this problem , separation of the entire FD - MIMO Here , M and N denote , respectively , the numbers of channel information into N dimensions to feed back the CSI horizontal and vertical direction antenna ports ; RH and R " may be considered . For example , it may be possible to denote , respectively , the sets of ranks in horizontal and transmit horizontal and vertical direction RIs and PMIS vertical directions ; P , H and P , denote , respectively , the sets separately . This makes it possible for the UE to select the of rank - r precoders in horizontal and vertical directions ; and 
best RI and PMI at a low complexity and facilitate satisfying 40 HH and H , " denote , respectively , the channel matrices in the limited payload size even when the CSI is fed back horizontal and vertical directions . By measuring channels 
through PUCCH . However , transmitting the horizontal and with the MxN CSI - RS ports using equation 1 , it 
vertical direction RIs and PMIs separately and the CQI possible to obtain the optimal RI and PMI . separately too provides no CQI value for the case where Although this method has a drawback in requiring more horizontal and vertical direction precoders are applied 45 CSI - RS resource in comparison with the above - described simultaneously , resulting in degradation of system through method , it is advantageous in terms of acquiring more put . accurate RI , PMI , and CQI by measuring all channels . In order to make it possible for the UE to perform channel A description is made hereinafter of the method for measurement on the plural transmit antennas while prevent selecting horizontal and vertical CSIs in measuring channels 
ing the eNB from allocating excessive radio resources for 50 with MXN CSI - RS ports or M + N CSI - RS ports . The fol transmitting CSI - RSs with a plurality of transmit antennas lowing terms may be used in the present invention . such as FD - MIMO , it may be possible to consider a method RIy : The horizontal rank indicator transmitted from the for transmitting the CSI - RSs separately in N dimensions . UE to the eNB . 

For example , it may be possible to allow for measuring RIy : The vertical rank indicator transmitted from the UE horizontal channels with N horizontal CSI - RS ports and to the eNB . 
vertical channels with M vertical CSI - RS ports . In detail , if Rihv : The horizontal and vertical rank indicator transmit two CSI - RSs are used , it is possible to identify the CSI using ted from the UE to the eNB . 
M + N CSI - RS ports for the MXN transmit antennas . PM ,: The horizontal precoding matrix indicator trans Equation 1 represents a method for selecting horizontal mitted from the UE to the NB . 
direction CSI and vertical direction CSI in measuring chan PMI : The vertical precoding matrix indicator transmitted nels using M + N CSI - RS ports . Here , the CSI may include from the UE to the eNB . 
the RI and PMI . CQI ,: The UE - supportable data rate generated under the 

assumption of the application of only the horizontal 
precoding . 

argmax || 1 , pp [ Equation 1 ] CQIy : The UE - supportable data rate generated under the 4 , PEPH assumption of the application of only the vertical 
precoding . 
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CQI : The UE - supportable data rate generated under the Each of the first and second CSIs may include at least one 
assumption of the application of both the horizontal and of horizontal and vertical CSI . 
vertical precodings . For example , the eNB may transmit to the UE information 

Although the description is made with specific terms such instructing the UE to calculate the CQI carried in the second 
as horizontal CSI and vertical CSI , it may be possible to use 5 CSI by applying the PMI included in the first CSI along with 
general terms such as first CSI and second CSI . the PMI included in the second CSI and to calculate the CQI 

FIG . 12 is a diagram illustrating a CSI transmission carried in the second CSI by applying the second CSI along 
method of a UE according to an embodiment of the present with the PMI included in the first channel state . 
invention . The eNB may also transmit to the UE information 

In reference to FIG . 12 , each arrow shows how one type 10 instructing the UE to calculate CQI based on one of the first 
of CSI contributes to the interpretation of another type of and second CSIS . 
CSI . If an arrow starts from RI , 1200 to PMI , 1210 , this The eNB may also transmit to the UE configuration 
means that the PMI , is interpreted differently depending on information including CSI measurement period and sub 
the value of the RIy 1200 . frame offset for use in measuring horizontal and vertical 

In FIG . 12 , the RI , PMI , and CQI are transmitted in the 15 CSIs . The eNB may also configure maximum values of the 
state of being associated with each other . That is , for the case horizontal and vertical ranks to the UE depending on the 
of Feedback 1 , the RIy indicates the rank of the precoding case . The eNB may also transmit to the UE one of the 
matrix indicated by the PMI , following RIy . In the case that horizontal and vertical ranks that is set to 1. The eNB may 
the eNB transmits a signal at a rank indicated by the RIy and also transmit to the UE configuration information instructing 
the precoding matrix of the corresponding rank that is 20 the UE to measure and report the horizontal and vertical 
indicated by the PMI , is applied to the signal , the CQI , status information alternately . 
corresponds to the available data rate of the UE or a The eNB may transmit to the UE the measurement 
corresponding value . As with Feedback 1 , Feedback 2 may configuration information for receiving the RIs included in 
be transmitted with the relationship among the RI , PMI , and the horizontal and vertical CSIs at a time . After configuring 
COI . 25 the CSI measurement , the eNB may transmit CSI reporting 

Configuring plural feedback transmissions for plural configuration information to the UE at step S1330 . 
transmit antennas of the FD - MIMO eNB in order for the UE The eNB may transmit to the UE the configuration 
to report CSI to the eNB may be one of various CSI information through higher layer signaling to instruct the UE 
reporting methods for FD - MIMO . to transmit the first and second CSIs . The eNB may also 

Such a method is advantageous in terms of needing no 30 transmit to the UE configuration information using the DCI . 
extra implementation for a UE to generate and report As described above , each of the first and second CSIs may 
FD - MIMO CSI . However , the CSI reporting method of FIG . include at least one of the horizontal and vertical CSIs . Thus 
12 is disadvantageous in that the expected FD - MIMO sys- the eNB may transmit to the UE configuration information 
tem performance is insufficient . for the UE to report the horizontal and vertical CSIs . For 

The expected FD - MIMO system performance is insuffi- 35 example , the configuration information may include the CSI 
cient because configuring multiple feedbacks for the UE to reporting period and subframe offset . The eNB may also use 
report CSI to the eNB is insufficient for identifying the the DCI to configure the UE to report the CSI aperiodically . 
precoding in the case of applying FD - MIMO . The UE A description is made in detail later of the method for an 
transmits only CQI for each feedback and does not transmit eNB to configure a UE to measure and report CSI . 
the CQI generated under the assumption of plural FD- 40 The eNB may receive the CSI transmitted by the UE at 
MIMO antennas . In the case that the UE reports only the step S1340 . 
CQlh and CQIy for the case of applying the precoders FIG . 14 is a flowchart illustrating a CSI transmission 
corresponding to PMI , and PMIy , the eNB has to determine procedure of a UE according to an embodiment of the 
the CQI for the case where both the vertical and horizontal present invention . 
precoders are applied implicitly . If the eNB determines the 45 In reference to FIG . 14 , the UE may receive CSI mea 
CQI for the case where both the vertical and horizontal surement configuration information from an eNB at step 
precoders are applied implicitly based on the CQIs for the S1410 . As described above , the CSI may include the first and 
cases where the vertical and horizontal precoders are respec- second CSIs , and the UE may receive the configuration 
tively applied , this may cause degradation of the system information for measuring the first and second CSIs . 
performance . Hereinafter , a description is made of the 50 If the CSI measurement configuration information is 
method and apparatus for an eNB to transmit reference received , the UE may generate the CSIs according to the CSI 
signals to a UE and to receive CSI transmitted by the UE . measurement configuration at step S1420 . 
FIG . 13 is a diagram illustrating a CSI reception proce- Then the UE may receive CSI reporting configuration 

dure of an eNB according to an embodiment of the present from the eNB at step S1430 . The UE may receive the 
invention . 55 configuration for reporting the first and second CSIS . 

In reference to FIG . 13 , the eNB may identify a number It may also be possible to use the DCI to trigger aperiodic 
of transmit antennas and antenna arrangement state at step CSI reporting . 
S1310 . The eNB may identify the number of transmit The UE may report the CSI to the eNB according to the 
antennas of its FD - MIMO transmitter and 2 - dimensional CSI reporting configuration at step S1440 . In the case that 
arrangement of the antennas . 60 the aperiodic reporting is triggered , the UE may report the 

After identifying the number of transmit antennas and measured CSI at a reporting time point . 
antenna arrangement state , the eNB may configure channel FIG . 15 is a diagram illustrating a first CSI reporting 
state information measurement to receive CSI at step S1320 . method of a terminal according to an embodiment of the 
The CSI may include first CSI and second CSI , and the present invention . 

eNB may configure a UE to measure the first and second CSI 65 In reference to FIG . 15 , the UE may report two CSIs with 
by transmitting measurement configuration information to two feedback signals as in the embodiment of FIG . 12. The 
the UE through higher layer signaling ( e.g. , RRC signaling ) . UE reports the CQI for the case where the precoding is 
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applied in both the vertical and horizontal directions using and the eNB to operate differently depending on the rank 
both Feedback 1 and Feedback 2. That is , the UE may informed by the UE . Methods to achieve this are proposed 
generate the CQI 1520 ( or 1550 ) for the case where the in the present invention . 
corresponding precodings are simultaneously applied based Method 1 : The eNB may always set one of RIy and RIH 
on the PMI , and PMI , generated respectively from the 5 to rank 1. In the case that the CQI is transmitted along 
Feedback 1 and Feedback 2 . with the Rig using the Feedback 2 in FIG . 15 , the RIV 

In FIG . 15 , the UE may generate the RI , 1500 and report may be restricted so as to be always set to 1. In this 
it to the eNB . The UE may also determine the PMI , that is case , if two precoders are applied simultaneously , the 
the most suitable for the rank indicated by the RI , 1500 and ranks supported by the UE may be determined based on 
then report to the eNB the CQI 1520 and PMIH 1510 for the the RIH . That is , the Rih may be set to 1 in order for the 
case where both the precoding indicated by the correspond- UE to rank 1 or to 0 in order for the UE to support rank 
ing PMI , and the precoding indicated by the PMI , trans- 2. The UE and the eNB may operate in the FD - MIMO 
mitted in the previous Feedback 2 are applied . system under this assumption . 

The PMI , 1510 may also be used to generate the CQI of Method 2 : The eNB and the UE may determine the rank 
Feedback 2. The UE may generate and report the RIy 1530 supportable by the UE in the case where both the 
in Feedback 2. The UE may also determine the PMI , 1540 vertical and horizontal precoders are simultaneously 
that is the most suitable for the rank indicated by the RI , applied using an equation as follows : 
1530 and then report to the eNB the CQI 1550 for the case 
where both the precoding indicated by the corresponding 20 rankyv - rank ( RIH ) xrank ( RIy ) . [ Equation 4 ] 

PMI , 1540 and the precoding indicated by the previously That is , the UE and the eNB assume that the rank for the 
transmitted PMI , 1510 are applied . case where the vertical and horizontal precoders are simul 

In order for the UE to report to the eNB the CQI for the taneously applied is the product of the ranks supported in the 
case where both the precoders indicated by the PMI , and respective directions . For example , if the UE transmits to the 
PMIy are applied , there are some requirements as follows . 25 eNB the RI , to indicate rank 2 and the RI , to indicate rank 

First , the eNB may send the UE the information on the 3 , the eNB and the UE assume rank 6 for the case where all 
relationship among the feedbacks during the configuration precoders are applied . In the LTE / LTE - A , if the UE send the 
of multiple feedbacks to the UE through higher layer sig . eNB the RI set to a value indicating rank 2 or higher , it may 
naling ( e.g. , RRC signaling ) . The UE may generate CQI send the eNB two CQI values simultaneously . This is 
based on the information . 30 because the eNB transmits two codewords to the UE for the 

In the embodiment of FIG . 15 , the eNB may transmit to case of rank 2 or higher ; thus , the UE has to report two CQIS 
the UE the information instructing the UE to calculate the for the respective codewords . 

In the method of Equation 4 , the UE may transmit two CQI of Feedback 2 by applying the PMI of Feedback 1 along CQI values in the CQI 1550 for the case where the rank , with the PMI of Feedback 2 and to calculate the CQI of 35 when the precoders derived by equation 2 are all applied Feedback 2 by applying the PMI of Feedback 2 along with even through the RI , 1530 of Feedback 2 is set to 1 , is 2 or the PMI of Feedback 1 . higher . Also , the eNB may receive the CQI 1550 under the Second , it is necessary to define how to determine the CQI assumption that two CQI values are transmitted in the CQI 
for the case where multiple precoders are applied . In the case 1550 in the case where the rank , when the precoders derived 
of calculating CQI by applying a single precoder , the UE 40 by Equation 2 are all applied even through the RI , 1530 of 
may calculate CQI under the assumption that the precoder Feedback 2 is set to 1 , is 2 or higher . 
designated by means of the RI and PMI that it has trans- FIGS . 16 and 17 are diagrams illustrating a second CSI 
mitted is applied to the downlink ; however , in the case of the reporting method of a UE according to an embodiment of the 
CRIS 1520 and 1550 , the UE calculates them under the present invention . 
assumption that two precoders are applied to the downlink 45 In reference to FIG . 16 , the UE may generate RIy and then 
simultaneously . At this time , the UE may interpret the determine PMI , as indicated by the RIy for Feedback 1 . 
application of two precoders as a Kronecker product . The Likewise , the UE may generate Ri , and then determine 
Kronecker product may be defined by two matrices as PMI , as indicated by the RI , 
follows . At this time , the UE may not generate CQI for Feedback 

50 1 and instead may generate CQI 1600 for Feedback 2 . 
That is , the UE may generate CQI 1600 using the PMI , 

QUB ??? ? [ Equation 3 ] of Feedback 1 and the PMI , of Feedback 2 and transmit the 
A B = : CQI 1600 to the eNB . 

In a similar way , in the embodiment of FIG . 17 , the UE 
55 may generate the CSI 1700 only for Feedback 1 and report 

the CSI 1700 to the eNB . 
In Equation 3 , A and B may be replaced by the precoding In this embodiment , the UE transmits horizontal and 

matrices indicated respectively by the PMI , and PMIy . The vertical CSIs alternatively . Although the horizontal and 
UE may identify the precoder for the case where two vertical CSIs can be transmitted at the same interval in this 
precoders are simultaneously applied using Equation 3. 60 way , this method may not be appropriate for the real system . 
Accordingly , the UE may calculate CQI 1520 ( or 1550 ) That is , it may be advantageous in terms of optimizing 
under the assumption that the precoder obtained by applying system throughput to transmit one of the horizontal and 
Equation 3 to the precoding matrices indicated by the PMI , vertical CSIs at an interval and the other at another interval 
and PMI , is applied to the downlink . shorter than that interval . 

Meanwhile , in order to identify the precoder for the case 65 FIG . 18 is a diagram illustrating a third CSI - RS reporting 
where two precoders are simultaneously applied using the method of a UE according to an embodiment of the present 
Kronecker product of Equation 3 , it is necessary for the UE invention . 

ami B ??? ? 
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In reference to FIG . 18 , in the case that the vertical TABLE 7 - continued 
direction channel is not changing frequently , the eNB may 
set the transmission interval of the RI 1800 and PMI 1810 Method of reporting horizontal and vertical ranks with RIGT 
of Feedback 1 to a time period shorter than that of the RIHV Horizontal rank 
horizontal CSI transmission interval . Setting the horizontal 5 
and vertical CSI transmission intervals to time periods of 

011 different lengths may be applied to all of the various 
embodiments of the present invention . The horizontal and 
vertical CSI transmission intervals and ranks may be con 
figured differently depending on the configuration of the 10 
eNB . For example , if the UE reports the RIHy 1900 set to 101 

In detail , in order for the UE to report the CSIs to the eNB to the eNB , the eNB may identify that the horizontal rank is 
at different intervals , the eNB should be able to configure the 2 and the vertical rank is 2 . 
intervals . That is , if it may be possible for the UE to report In this way , the eNB may identify the horizontal and 
different - direction CSIs , the eNB may transmit to the UE the 15 vertical ranks based on the Riny 1900 transmitted by the UE . 
configuration information as follows . The eNB may identify the horizontal and vertical precod 

First CSI : horizontal CSI ( RIJ , PMIH ) transmission inter- ers and available reception data rate based on the horizontal 
val and frame offset and vertical PMIs and CQIs indicated by RIJv 1900 . 

Second CSI : vertical CSI ( RIy , PMIy ) transmission inter- In such a way of transmitting RI , PI , and CQI alternatively 
val and subframe offset 20 in one feedback , it is possible to avoid a collision among 

The subframe offset may be used for determining the plural feedbacks . 
position of the subframe for real transmission during the In FIG . 19 , the horizontal and vertical ranks may have 
interval . For example , if the interval is 10 msc and the different values according to the Riny reported by the UE . 
subframe offset is 5 , the UE may transmit the CSI at The precoding matrix indicated by the PM , 1910 is 
subframe 5 during every interval of 10 msec . 25 determined according to the horizontal rank indicated by the 
The UE may report the horizontal and vertical ranks to the Rihv 1900. The UE may also report to the eNB the CQI 820 

eNB according to different rank restrictions . The rank for the case where the precoding matrix is indicated by the 
restriction means that the rank measured by the UE based on PMI 1910 and the precoding matrix is indicated by the 
the reference signal is restricted to a maximum value pre- previously transmitted PMI ,. Likewise , the precoding 
configured by the eNB . Restricting the maximum value of 30 matrix indicated by the PMI , 1930 may be determined the rank for the UE is a part of the system optimization according to the vertical rank indicated by the RIÐy 1900 . procedure in view of the eNB in a mobile communication The UE may also transmit the CQI 1940 under the assump system . In order to restrict the horizontal and vertical ranks tion that the precoding matrix indicated by the PMI , 1930 separately , the eNB may transmit to the UE the information 
as follows . and the precoding matrix indicated by the PMI 1910 are 

First CSI : maximum value of horizontal rank k 35 simultaneously applied . 
Second CSI : maximum value of vertical rank The UE may calculate the precoding matrix for generating 
Meanwhile , if the UE reports CSIs to the eNB according the CQIs 1920 and 1940 as the Kronecker product of two 

to different feedback configurations , Feedback 1 and Feed precoding matrices as shown in Equation 3. As described 
back 2 may collide depending on the configuration . Here , above , the horizontal and vertical CSIs transmission inter 
collision means the situation when the Feedback 1 CSI and 40 vals may be set to different values . 
Feedback 2 CSI are transmitted in the same time period . FIG . 20 is a diagram illustrating a fifth CSI reporting 

If a collision occurs because of the multiple feedback method of a UE according to an embodiment of the present 
invention . configurations , the UE may report one , but not the other , of 

the CSIs of Feedback 1 and Feedback 2 to the eNB . Unlike the embodiment of FIG . 19 in which the horizontal 
Accordingly , when multiple feedback configurations exist , 45 and vertical ranks are indicated by the Rihy as shown in 
transmission of part of the CSIs may fail . Hereinafter , a Table 7 , the horizontal and vertical ranks are indicated 
single feedback configuration method is described . respectively by RIy and RIy in FIG . 20 . 
FIG . 19 is a diagram illustrating a fourth CSI reporting In FIG . 20 , the UE determines the RI , 2000 and then the 

method of a UE according to an embodiment of the present PMI , 2010 and CQI 2020 based thereon . Here , the CQI 
invention . 50 2020 may be the CQI for the case where the precoding 

In reference to FIG . 19 , the UE may report the horizontal matrix indicated by the PMI , 2010 and the precoding matrix 
and vertical ranks to the eNB by transmitting Rlav 1900. At indicated by the previously transmitted PMI , are applied 
this time , Rlyv 900 may indicate the horizontal and vertical simultaneously . The UE may report the RI , 2000 , PMIH 
ranks simultaneously . Table 7 shows an example of a method 2010 , and CQI 2020 to the eNB . 
for reporting horizontal and vertical ranks with Rigv . The The UE may also determine the RI , 2030 first and then 
eNB may transmit to the UE the information as shown in the PMI , 2040 and the CQI 2050 based thereon . Here , the 
Table 7 and instruct the UE to transmit the Rihy indicating CQI 2050 may be the CQI for the case where the precoding 
horizontal and vertical ranks simultaneously . matrix indicated by the PMI , 2040 and the precoding matrix 

indicated by the previously transmitted PM , 2010 are 
60 applied simultaneously . The UE may report the RI , 2030 , TABLE 7 PMI , 2040 , and CQI 2050 to the eNB . 

Method of reporting horizontal and vertical ranks with RIHV Here , the UE may assume the precoding matrix applied 
for generating the CQIS 2020 and 2050 as the Kronecker 

Horizontal rank product of two precoding matrices as shown in Equation 3 . 
000 In FIG . 20 , the UE may update the horizontal and vertical 1 ranks separately . The UE may calculate the rank to be 

assumed for generating CSI ( e.g. , CQI ) using Equation 4 . 
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That is , the UE may assume the rank for generating the CIS CSI by applying the PMI included in the second CSI along 
2020 and 2050 as the product of the ranks respectively with the PMI included in the first CSI . 
indicated by the RI , 2000 and RI , 2030. If the product of the The controller 2320 may also control to transmit the 
ranks respectively indicated by the RI , 2000 and RI , 2030 information instructing the UE to calculate the CQI for only 
is 1 during the period for transmitting the CQIs 2020 and 5 one of the first and second CSIS . 
2050 , one CQI is transmitted ; but , if the product is equal to The controller 2320 may also control to transmit CSI or greater than 2 , two CQIs may be transmitted . measurement interval and subframe offset configuration Even in the case of reporting the RI , 2000 and RI , 2030 information for horizontal and vertical CSI measurement . separately , the horizontal and vertical CSIs transmission The controller 2320 may also control to transmit to the UE intervals and ranks may be set to different values . the information on the maximum value of the horizontal or FIG . 21 is a diagram illustrating a sixth CSI reporting 
method of a UE according to an embodiment of the present vertical rank or the information indicating that the one of the 
invention . In reference to FIG . 21 , the UE may report the horizontal and vertical ranks is fixed to 1 , depending on the 
RI , 2100 and the RI , 2110 simultaneously . In this case , the 
PMI , 2120 and the PMI , 2140 may be generated based on 15 The controller 2320 may also control to transmit to the UE 
the information contained in the PMI , 2120 and the PMI , the configuration information instructing the UE to measure 
2140 . horizontal and vertical CSI - RSs and report the horizontal 

The UE may also determine the CQI 2130 for the case and vertical CSIs alternatively . 
where the precoding matrix indicated by the PMI , 2120 and The controller 2320 may also control to transmit to the UE 
the precoding matrix indicated by the previously transmitted 20 the configuration information instructing the UE to report 
PMI , are applied simultaneously and report the determined the RI included in the vertical CSI and the RI included in the 
CQI 2130 to the eNB . The UE may also determine the CQI vertical CSI at a time . 
2150 for the case where the precoding matrix indicated by The controller 2320 may also transmit the configuration 
the PMI , 2140 and the precoding matrix indicated by the information instructing the UE to report the CSI containing 
previously transmitted PMI , 2120 are applied simultane- 25 the first and second CSIs . The controller 2320 may transmit 
ously and report the determined CQI 2150 to the eNB . the CSI reporting configuration information to the UE 

At this time , the UE may assume the precoding matrix through higher layer signaling . The controller 2320 may also 
applied for generating the CQIs 2130 and 2150 as the transmit the CSI - RS configuration information instructing Kronecker product of two precoding matrices as shown in the UE to report the CSI using DCI . The controller 2320 may Equation 3 also trigger aperiodic CSI reporting with the DCI . FIG . 22 is a diagram illustrating a seventh CSI reporting The CSI reporting configuration information method of a UE according to an embodiment of the present may include 

the CSI reporting interval and subframe offset . invention . 
In FIG . 22 , it is assumed that the vertical rank is fixed to The controller 2320 may also receive the CSI transmitted 

1. The vertical rank does not change because it is fixed to 1 , 35 by the UE . 
and the UE may assume that the precoding matrix indicated The detailed description of the configuration information 
by the previously transmitted PMI , is applied along with the that the controller 2320 configures to the UE has been made 
precoding matrix indicated by the PMH : above and thus omitted herein . The controller 2320 may also 

Although the vertical rank is fixed to 1 in the drawing , it control the above - described operations of the eNB . 
may be possible to fix the horizontal rank to 1 instead based 40 The memory 2330 may store the CSI - RS measurement 
on the same principle . In the case that the horizontal rank is and CSI reporting configuration information . The memory 
fixed to 1 , the UE may report to the eNB the RI , instead of 2330 may also store the CSI received from the UE . Fur 
the Rig during the corresponding transmission period . thermore , the memory 2330 may store the information 

FIG . 23 is a block diagram illustrating a configuration of generated by the eNB and received from the UE . 
an eNB according to an embodiment of the present inven- 45 FIG . 24 is a block diagram illustrating a configuration of 
tion . a UE according to an embodiment of the present invention . 

In reference to FIG . 23 , the eNB may include a transceiver In reference to FIG . 24 , the UE may include a transceiver 
2310 , a controller 2320 , and a memory 2330 . 2410 , a controller 2420 , and a memory 2430 . 

The transceiver 2310 may communicate signals with a The transceiver 2410 may communicate signals with a 
network entity . The transceiver 2310 may transmit configu- 50 network entity . The transceiver 2410 may receive the CSI ration information for generating the CSI and CSI reporting RS measurement configuration information and CSI report configuration information to a UE through higher layer ing configuration information through higher layer signal signaling . The transceiver 2310 may transmit the configu 
ration information by means of DCI . The transceiver 2310 ing . The transceiver 2410 may also receive the configuration 
may also receive CSI from the UE . information by means of DCI . The transceiver 2410 may 

also transmit the CSI . The controller 2320 may identify the number of transmit 
antennas and antenna arrangement state . The controller 2320 The controller 2420 may receive the CSI - RS measure 
may also control the transceiver to transmit CSI - RS mea ment configuration information from the eNB . As described 
surement configuration information for use by the UE in above , the CSI may include the first and second CSIs , and 
receiving the CSI - RS . At this time , each of the first and 60 the controller 2420 may receive first and second CSIS 
second CSIs may include one of horizontal and vertical reporting configuration information . 
CSIS . The detailed description of the CSI reporting configura 

In detail , the controller 2320 may control to transmit the tion information has been made above and thus omitted 
information instructing the UE to calculate CQI to be herein . 
contained in the second CSI by applying the PMI included 65 The controller 2420 may perform CSI - RS measurement 
in the first CSI along with the PMI included in the second according to the received measurement configuration infor 
CSI and to calculate the CQI to be included in the second mation . 
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The controller 2420 may also receive CSI reporting decoding a physical downlink shared channel ( PDSCH ) 
configuration information from the eNB . At this time , the based on an aperiodic CSI - RS resource set triggered by 
controller 2420 may receive the DCI triggering aperiodic the information in case that the information associated 
CSI reporting . with triggering of the aperiodic CSI - RS resource set 

The controller 2420 may also report CSI to the eNB 5 indicates one of the at least one identifier of the at least 
according to the reporting configuration . If the aperiodic one aperiodic CSI - RS resource set , reporting is triggered , the controller 2420 may report the CSI wherein no triggering of the at least one aperiodic CSI - RS at a reporting time point . resource set is indicated by the information which does The memory 2430 may store the measurement configu not indicate one of the at least one identifier of the at ration information and reporting configuration information 10 
received from the eNB . The memory 2430 may also store the least one aperiodic CSI - RS resource set . 

5. The method of claim 4 , wherein the DCI is transmitted generated CSI . Furthermore , the memory 2430 may store the 
information generated by the UE or received from the eNB . on a physical downlink control channel ( PDCCH ) . 

Although preferred embodiments of the invention have 6. The method of claim 4 , wherein a number of bits of the 
been described using specific terms , the specification and 15 information is determined based on a number of the at least 
drawings are to be regarded in an illustrative rather than a one aperiodic CSI - RS resource set . 
restrictive sense in order to help understand the present 7. The method of claim 6 , wherein decoding the PDSCH 
invention . It is obvious to those skilled in the art that various comprises : 
modifications and changes can be made thereto without decoding data on PDSCH resources determined by 
departing from the broader spirit and scope of the invention . 20 excluding resources of the triggered aperiodic CSI - RS 

The invention claimed is : resource set . 
1. A method performed by a base station in a wireless 8. A base station comprising : 

communication system , the method comprising : a transceiver ; and 
transmitting , to a terminal , configuration information for a controller coupled with the transceiver and configured 

configuring at least one aperiodic channel state infor- 25 to : 
mation reference signal ( CSI - RS ) resource set via radio transmit , via the transceiver to a terminal , configuration 
resource control ( RRC ) signaling ; information for configuring at least one aperiodic 

transmitting , to the terminal , downlink control informa channel state information reference signal ( CSI - RS ) 
tion ( DCI ) including information associated with trig resource set via radio resource control ( RRC ) sig 
gering of the at least one aperiodic CSI - RS resource set 30 naling , 
configured according to the configuration information , transmit , via the transceiver to the terminal , downlink 
the information indicating no triggering of the at least control information ( DCI ) including information 
one aperiodic CSI - RS resource set or one of at least one associated with triggering of the at least one aperi 
identifier of the at least one aperiodic CSI - RS resource odic CSI - RS resource set configured according to the 

configuration information , the information indicat 
mapping data to physical downlink shared channel ing no triggering of the at least one aperiodic CSI - RS 

( PDSCH ) resources determined based on an aperiodic resource set or one of the at least one identifier of the 
CSI - RS resource set triggered by the information in at least one aperiodic CSI - RS resource set , and 
case that the information indicates one of the at least map data to physical downlink shared channel 
one identifier of the at least one aperiodic CSI - RS 40 ( PDSCH ) resources determined based on an aperi 
resource set , odic CSI - RS resource set triggered by the informa 

wherein no triggering of the at least one aperiodic CSI - RS tion in case that the information indicates one of the 
resource set is indicated by the information which does at least one identifier of the at least one aperiodic 
not indicate one of the at least one identifier of the at CSI - RS resource set , 
least one aperiodic CSI - RS resource set . wherein no triggering of the at least one aperiodic 

2. The method of claim 1 , wherein the DCI is transmitted CSI - RS resource set is indicated by the information 
on a physical downlink control channel ( PDCCH ) . which does not indicate one of the at least one 

3. The method of claim 1 , identifier of the at least one aperiodic CSI - RS 
wherein the PDSCH resources are determined by exclud resource set . 

ing resources of the triggered aperiodic CSI - RS 50 9. The base station of claim 8 , wherein the DCI is 
resource set ; and transmitted on a physical downlink control channel 

wherein a number of bits of the information is determined ( PDCCH ) . 
based on a number of the at least one aperiodic CSI - RS 10. The base station of claim 8 , wherein a number of bits 
resource set . of the information is determined based on a number of the 

4. A method of a terminal , the method comprising : 55 at least one aperiodic CSI - RS resource set . 
receiving , from a base station , configuration information 11. The base station of claim 8 , wherein the PDSCH 

for configuring at least one aperiodic channel state resources are determined by excluding resources of the 
information reference signal ( CSI - RS ) resource set via triggered aperiodic CSI - RS resource set . 
radio resource control ( RRC ) signaling ; 12. A terminal comprising : 

receiving , from the base station , downlink control infor- 60 a transceiver ; and 
mation ( DCI ) including information associated with a controller coupled with the transceiver and configured 
triggering of the at least one aperiodic CSI - RS resource to : 
set configured according to the configuration informa- receive , via the transceiver from a base station , con 
tion , the information indicating no triggering of the at figuration information for configuring at least one 
least one aperiodic CSI - RS resource set or one of at 65 aperiodic channel state information first reference 
least one identifier of the at least one aperiodic CSI - RS signal ( CSI - RS ) resource set via radio resource con 
resource set ; and trol ( RRC ) signaling , 

set ; and 35 
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35 
receive , via the transceiver from the base station , 

downlink control information ( DCI ) including infor 
mation associated with triggering of the at least one 
aperiodic CSI - RS resource set configured according 
to the configuration information , the information 5 
indicating no triggering of the at least one aperiodic 
CSI - RS resource set or one of at least one identifier 
of the at least one aperiodic CSI - RS resource set , and 

decode a physical downlink shared channel ( PDSCH ) 
based on an aperiodic CSI - RS resource set triggered 10 
by the information in case that the information 
associated with triggering of the aperiodic CSI - RS 
resource set indicates one of the at least one identifier 
of the at least one aperiodic CSI - RS resource set , 

wherein no triggering of the at least one aperiodic 15 
CSI - RS resource set is indicated by the information 
which does not indicate one of the at least one 
identifier of the at least one aperiodic CSI - RS 
resource set . 

13. The terminal of claim 12 , wherein the DCI is trans- 20 
mitted on a physical downlink control channel ( PDCCH ) . 

14. The terminal of claim 12 , wherein a number of bits of 
the information is determined based on a number of the at 
least one aperiodic CSI - RS resource set . 

15. The terminal of claim 14 , wherein the controller is 25 
configured to decode data on PDSCH resources determined 
by excluding resources of the triggered aperiodic CSI - RS 
resource set . 


